Obesity is a major risk factor for the development of type 2 diabetes mellitus (T2DM), and is associated with a cluster of metabolic factors that lead to poor cardiovascular outcomes. In non-alcoholic fatty liver disease (NAFLD), liver fat (triglyceride) accumulation closely mirrors adipose tissue dysfunction and insulin resistance in obesity and T2DM. It is now recognized as the most common chronic liver disease in Westernized societies, often progressing to more severe forms of the disease such as nonalcoholic steatohepatitis (NASH), or cirrhosis and hepatocellular carcinoma. However, NAFLD remains largely overlooked by healthcare providers although it affects about two-thirds of patients with obesity and it promotes the development of T2DM. NAFLD mirrors adipose tissue and systemic insulin resistance, the liver being a 'barometer' of metabolic health. Although pioglitazone is emerging as the treatment of choice for NASH in patients with insulin-resistance, or those with T2DM, many other options are being tested. Due to their overall safety and efficacy, glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are becoming one of the cornerstones for the management of both obesity and T2DM, and a novel alternative for the treatment of NAFLD. In this review, we will briefly summarize the status of GLP-1RA for the treatment of obesity and NAFLD.
Obesity is a worldwide problem affecting over a third of the US adult population. 1 It is regarded as the epidemic of the 21st century with global estimates of about 500 million people having obesity and at risk of significant obesity-related morbidity. 2 NAFLD describes a spectrum of liver diseases ranging from simple steatosis, to its more severe form known as nonalcoholic steatohepatitis (NASH) with hepatocyte injury, liver inflammation, often with fibrosis. Patients usually are obese or have type 2 diabetes mellitus (T2DM) and are at an increased risk of developing cirrhosis and hepatocellular carcinoma. 3 It is believed that NAFLD will become the leading cause of liver transplantation by 2020 in parallel with the increase in the obesity epidemic. [3] [4] [5] [6] About 70% or more of obese individuals (and especially those with T2DM) have NAFLD and as many as 50% of them may have NASH. 1 3 5 Development of NASH is also associated with a higher risk of death from cardiovascular disease (CVD).
3-5 treAtment of obesity And nAfLd
Lifestyle intervention is the mainstay of the treatment for obesity. However, weight regain is very common and lifestyle intervention is often ineffective in the maintenance of long-term weight loss. 2 There are currently five Food and Drug Administration (FDA) approved drugs for obesity in the USA: lorcaserin (Belviq), orilstat (Xenical), phentermine-topiramate (Qsymia), bupropion-naltrexone (Contrave) and liraglutide (Saxenda). 1 2 7 8 Most of the antiobesity drugs have faced obstacles in their acceptance by primary care providers due to their high cost, limited efficacy and/or side effects. In addition, there is a lack of controlled studies on their long-term health benefits. 8 Lifestyle intervention has also proven to be effective in the management of NAFLD. In shortterm studies (most 6-12 months), reduction of ~10% in body weight results in a significant improvement in necroinflammation and often of fibrosis in NASH. [3] [4] [5] However, it is difficult to maintain long-term weight loss with dietary modification alone, and many therapeutic options have been studied for the treatment of NASH, although none are FDA-approved. Pioglitazone (Actos) has emerged as the treatment of choice for patients with and without T2DM, improving the metabolic profile and inducing resolution of NASH in 47%-58% of the patients. [3] [4] [5] From the first proof-of-concept randomized controlled trial (RCT) in patients with prediabetes or T2DM and NASH 9 to a recent larger, 3-year long-term study in this same population, pioglitazone has been found to be safe and to significantly improve liver histology in about two-thirds of patients with NASH. 10 Vitamin E has been used with some success in non-diabetic patients. 3 Newer agents tested including obeticholic acid and elafibranor have shown modest improvement on liver histology in NASH, but larger trials fully examining their safety and efficacy are ongoing. 5 However, glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have recently emerged as an attractive treatment option for patients with obesity and NASH.
review
Glucagon like peptide-1 receptor agonists for the management of obesity and non-alcoholic fatty liver disease: a novel therapeutic option Among the several intestinal peptides secreted from gut by neuroendocrine cells, the native GLP-1 (7-36 and 7-37 amide) has been the most extensively studied and possibly the one with the greatest translational relevance. 11 12 Figure 1 illustrates the broad spectrum of their metabolic effects including an increase in glucose-dependent insulin secretion, stimulation of β-cell proliferation, inhibition of glucagon secretion, increased satiety acting through central nervous system pathways and delayed gastric emptying. GLP-1 exerts direct effects through the class B family of G protein coupled receptors and exerts indirect non-receptor mediated effects. 12 The glucagon-like peptide-1 receptor (GLP-1R) is widely expressed in islet cells and extrapancreatic tissues like lung, atrial myocytes, kidney, gastrointestinal tract, peripheral and central nervous systems, vascular smooth muscle and lymphocytes. 11 The expression of GLP-1R in hepatocytes is controversial. While some studies claim to have identified receptors in hepatocytes with effects on insulin sensitivity and some anti-inflammatory effects, [13] [14] [15] others have failed to reach a similar conclusion and report no GLP-1R in the liver 16 17 (also reviewed in ref. 1, 11) . While the direct effects of GLP-1 on adipose tissue remain to be fully understood, at the present time it is believed that most of the weight loss induced by GLP-1RAs is from effects on the central nervous system by induction of satiety, although there is some evidence that GLP-1 may increase thermogenesis in brown adipose tissue. 
gLP-1rA for the treAtment of obesity
The most extensively studied GLP-1RA for the treatment of obesity is liraglutide (as Saxenda in a 3 mg per day formulation). It was approved specifically by the FDA for the management of obesity based on three 56-week RCTs (SCALE trials: Satiety and Clinical Adiposity-Liraglutide Evidence): SCALE Obesity 18 SCALE Maintain, 19 and SCALE Diabetes, 20 examined the efficacy and safety of 3 mg of liraglutide in overweight or obese patients with or without T2DM. Taken together, liraglutide significantly reduced body weight compared with placebo by ≥5% in~30% of patients and by ≥10% in~15% of the participants. [18] [19] [20] In a 3-year extension in patients with obesity and prediabetes, 30% of the subjects reverted from prediabetes to normoglycemia with liraglutide. 21 Other GLP-1RAs used for the treatment of T2DM have also had modest weight loss effects. 12 However, albiglutide is not associated with significant weight loss and is not under investigation for the treatment in obese non-diabetic subjects. The novel GLP-1RA semaglutide in the phase-III (SUSTAIN−1) trial in patients with T2DM showed dose-dependent reduction in body weight up to 4.6 kg compared with 1 kg with placebo. 12 An oral formulation of semaglutide is also under evaluation.
Recent clinical trials, such as the Liraglutide Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results (LEADER) 22 and SUSTAIN 6 (semaglutide and cardiovascular outcomes) 23 have demonstrated that GLP-1RAs can significantly reduce cardiovascular events in patients with T2DM. Because of this and its glucose-lowering efficacy, liraglutide has been favored over other pharmacological agents for the treatment of obesity, particularly in patients with T2DM. There are several ongoing trials with various GLP-1 RAs in patients with obesity with and without T2DM. Recent work has linked the development of hepatocyte triglyceride accumulation in obesity to the presence of dysfunctional, insulin-resistant adipose tissue. 1 This has been recently confirmed in patients with NAFLD in whom intrahepatic triglyceride accumulation, as well as hepatic and muscle insulin sensitivity, correlated closely with the severity of adipose tissue insulin resistance. 24 25 Within this context, although many pharmacological agents are undergoing active investigation, 26 testing the efficacy of GLP-1RAs in NASH appeared only as a logical consequence of their beneficial metabolic effects in insulin-resistant states. 1 3 11 12 27 Early studies in patients with T2DM suggested the potential benefit of GLP-1RA from a reduction in liver enzymes. 27 This reduction in plasma aminotransferases was also associated with a reduction in intrahepatic triglycerides proportional to the degree of weight loss [28] [29] [30] or improvement in glycemic control. 4 Small early trials and case control studies (including less than 20 patients each) also suggested a benefit for exenatide 31 or liraglutide 32 33 on liver fat and histology. However, the LEAN trial (Liraglutide Efficacy and Action in NASH) 6 was the first RCT that as a proof of concept (n=52) reported on the true efficacy of a GLP-1RA in patients with biopsy-proven NASH. After 48 weeks of treatment with liraglutide (1.8 mg per day), resolution of NASH occurred in 9/23 (39%) compared with 2/22 (9%) participants in the placebo group. These results have created a new treatment paradigm in the field. This study is being followed up by a large multicenter trial testing three doses of semaglutide once daily versus placebo in patients with biopsy-proven NASH ( ClinicalTrials. gov NCT02970942). Using the same formulation as being used in the above NASH trial, results from a recently released 52-week RCT in 957 patients with obesity at doses between 0.05 mg/day to 0.4 mg/day (or placebo) led to an estimated 13.8% weight loss versus 2.3% in patients at placebo alone (Novo Nordisk press release, June 23, 2017) . Such results are highly promising for the treatment of NASH.
At least in part the success of GLP-1RAs is based on the fact that they are well tolerated, except for a modest increase in gastrointestinal symptoms of nausea and diarrhea. 12 Current evidence does not support the hypothesis of an increased risk of pancreatitis. A recent meta-analysis of placebo-controlled GLP-1RA RCTs with a minimum duration of 24 months, including a total of 9347 GLP-1RA-treated and 9353 placebo-treated patients, in which acute pancreatitis was a predefined adverse event and adjudicated by blinded and independent adjudicating committees, found no evidence that treatment with GLP-1RA increases the risk in patients with T2DM. 34 Monami et al 35 reported from a review of 100 trials reporting on pancreatitis and pancreatic cancer, that the prevalence of these events in GLP1-RA was not significantly different from that observed in comparator arms (OR (95% CI) of 0.93 (0.65 to 1.34), p=0.71, and 0.94 (0.52 to 1.70), p=0.84, for pancreatitis and pancreatic cancer, respectively). Of note, they did report on a significantly increased risk of cholelithiasis (OR (95% CI) 1.30 (1.01 to 1.68), p=0.041) that deserves further exploration. In addition, there was no signal for pancreatic cancer in recent large RCTs.
18-21 concLusion
Treatment with GLP-1RA of patients with T2DM offers additional value beyond glycemic control as they aid in the management of obesity and reduce the high CVD risk associated with both conditions. Their unique ability to promote weight loss, improve glycemic control and potentially to reverse hepatocyte injury and liver inflammation and fibrosis, make GLP-1RAs a novel and attractive therapeutic option for the treatment of NASH. Larger long-term RCTs will likely help define their role in management of these complex patients in the near future.
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